The purpose was to compare
The characteristic physiological and neuropathological changes seen in Alzheimer's disease' are often qualitatively similar to, but quantitatively more profound, than the alterations associated with aging.2 3 These findings have led to the notion that, in many respects, Alzheimer's disease represents the acceleration and accentuation of the normal aging process.2 4 Among the recognised clinical characteristics of normal aging are alterations in the function of the autonomic nervous system.56 Of particular interest are pupillary changes: pupil size declines linearly with age starting as early as the age of 20.7 In a previous study8 we compared resting pupil size and the kinetic variables of the darkness and light reflexes between an elderly group and a group of young healthy people. We found smaller pupil sizes, reductions in the amplitude and velocity of the darkness reflex, and a prolongation of the recovery time of the light reflex in the elderly group, consistent with a reduction in sympathetic activity in old age. In the present study we extended these findings by comparing the pupillary measures between a group of patients with Alzheimer's disease and an age and sex matched group of healthy subjects.
Methods

Nine unmedicated patients with probable
Alzheimer's disease according to the NINCDS-ADRDA criteria9 and nine healthy elderly subjects, matched with the patients for sex and age, were included in the study. There were six men and three women in each group. Patients were consecutive referrals who satisfied the inclusion or exclusion criteria, and control subjects were recruited individually to obtain a sample that was matched for age and sex with the patient sample. The median and mean (SD) ages of the patients with Alzheimer's disease were 72 and 70 2 (5 9) and those of the healthy elderly subjects were 72 and 70 5 (5.9). The healthy elderly subjects were taken from a larger cohort of a study examining the effect of aging on pupil size and reflexes.8 Healthy subjects with no history or presence of disorders of the central or autonomic nervous systems, psychiatric illness, ocular pathology, or hearing problems were included; none of the subjects was taking any medication. Patients with Alzheimer's disease also satisfied these criteria, with the exception 66Prettyman, Bitsios, Szabadi by unpaired t tests. Light reflex data were analysed by two factor (group x light intensity) analyses of variance (ANOVA). The possible dependence of the kinetic measures on resting pupil diameter (in the dark) was investigated by Pearson's correlation coefficients.
Results
RESTING PUPIL DIAMETER
The resting pupil diameter was smaller in the patient group (t = -2 22, P = 0 041, in the dark; fig 1) . The mean differences (95% confidence interval (95% CI)) between the controls and the patients were (mm): 32 Cd m-2: 0-31 (-0 37 to 1-00); 16 Cd m-2: 0 39 (0-36 to 1413); darkness: 0-83 (0-04 to 163).
DARKNESS REFLEX
There was a trend for smaller darkness reflex amplitudes (t = 1-79; P = 0-09) and there was a significantly lower maximum dilatation velocity (t = 6-26; P < 0-001) in the Alzheimer's disease group (fig 2A) . The mean differences (95% CI) between the controls and the patients were: amplitude (mm): 0-07 (-0-21 to 0 16); maximum dilatation velocity (mm s-'): 0-31 (0-21 to 0-41).
LIGHT REFLEX
The amplitudes and recovery times, at all light intensities, were reduced in the Alzheimer's disease group; latency was not significantly different between the two groups ( fig 2B) . There were significant correlations between resting pupil diameter in the dark and amplitude at all four light intensities (mW cm-2): 8-5 x 10-': r = 0-529, P = 0-024; 7-0 x 10-2: r = 0-663, P < 0-005; 0 43: r = 0 759, P < 0-001; 1-84: r = 0-835, P < 0-001. Latency and 75% recovery time did not correlate significantly with resting pupil diameter in the dark at any of the four light intensities (latency: r = -0-125, P = 0-62; r = 0-056, P = 0-83; r = -0 139, P = 0-58; r = -0-206, P = 0-41; 75% recovery time: r = 0 349, P = 0-16; r = 0 305, P = 0-22; r = 0-208, P = 0-41; r = 0-016, P = 0 95). Analysis of variance showed significant main effects of light intensity (F = 114-75; df = 3,48; P < 0-001) and group (F = 13-23; df = 1,16; P < 0-002), and no significant interaction (F = 1-15; df = 3,48; P = 0 34) for amplitude, and significant main effects of light intensity (F = 17-86; df = 3,48; P < 0.001) and group (F = 5-41; df = 1,16; P = 0 034) and no significant interaction for recovery time of the light reflex (F = 0-8; df = 3,48; P = 0-5). For latency, there was a significant main effect of light intensity (F = 13-49; df = 3,48; P < 0-001) but no significant main effect of group (F = 1-07; df = 1,16 P = 0-32) or interaction (F = 0 77; df = 3,48 P = 0-51).
Discussion
The size of the pupil at any one time reflects the relation between the opposing sympathetic (dilator) and parasympathetic (constrictor) influences.7 The kinetic variables of the dark- 
